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(57) [Abstract] 

[Subject] There are provided a diffractive optical ^ 
element which is capable of maintaining a high ^ 
diffraction efficiency throughout the entire useful 
wavelength region with little variations of the 
diffraction efficiency even in the case of occurrence of 
a change of temperature, and an optical system using the 
diffractive optical element. 

[Means for Solution] In a diffractive optical element 
in which a plurality of layers made from at least two 
kinds of materials which differ in dis persio n^ are 
laminated on a substrate and diffraction gratings are 
formed at the respective layers so as to heighten the 
diffr action efficie ncy for a particular order (design 
order) throughout the entire useful wavelength region, 
each of the layers is constructed with such a combination 
of the material and the grating thickness that a value 
obtained by summing up values for all the layers each of 
which is obtained by multiplying a rate of change of 
refractive index due to a temperature change of the 
material forming each layer by the grating thickness of 
the associated diffraction grating is less than a useful 
wavelength. 
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[fi*3Sl ] £ fc 2«lg<£>#«fe<DS&5*t«a> 

5>*5^Sr^. Sffi±(ca«b, «-JIT-|H]#fte^£ff$ 

< #5 <t 5 fcttft £ ft^JSCWtt^fc* J: 9 Wflfc Ltv^ 
5 r £ £ -f 6 (HlSr^*^, 
[fft#g2] MWS45ttfi)5^^5SlIti2 
S«r**±fc:SUiU JB 1 Jit* 2 lOE 
tfrf&^ffi. J(5 2Jiiffift©*»-C»2©|g0f*^-iBS:JK 

IS, m2SO^«co?a^'fb^iSBW«'fb*Sr# 
*dnl/dt, dn2/dt, M 1 Bl-sStt ^frfcgl 1 coiett^^- 

d2tU i&flf*fl:K:J:aJH$r*3Efl:*l-$&i, 18 2 co 

0 t = ( dnl/dt ) d 1 - (dn2/dt) d 2 

£ U ffiff^ffcfiSrA t , m^rHkm^m^ ^/BifcftS: A 

0 £ Lfc£# 

| 0 t • A t | <m • A. 0/4 
ti**«3] 'pt£< £ 1 2 

»©»W«)aar3E<l:{-J;5JB*f*3E<tSrdnoL/dt £ U 

fgLS cDE^&^-cote^WSrd L, £ 

« t Sr. 

0 t = (dnol/dt ) d 1 ± (dno2/dt ) d 2 ± ± 

(dnoL/dt ) d L 

£U ifift^bfiSrAt, f3:fr#:$:£:nu {sgfflj&gSril 

0 £ Lfct 

1 0t - At | < (m • A. 0) /4 

[if *^ 4 ] SfriESS Jil-JBfiE LfclSI&oilltfrl&T-co 
t^'>L-CVKlHlW^£, -*-|^]T**P(-liJP-rSlH] 

tbfc«^c£-r^r i«:«»4:-r5»*«l, 2, 3 IE«c 



10 BB-CfcSrit«r«i:i-a»*3fil, 2Xli3<75[H]tfTft 

0] huIS | 0 t • A t | COtt^fflScftCO 
m/ 8£iTT'fc-5r £?r#m£-rSfS* ] S23Z.«3CO[p] 

20 [ftJfcJSll] if*3Sl~l OcD^-fiX^l ^|S«CO 

<sr!i#m£-rsm*«i iom 

[W*«l 3] Huia^^tt, m^7t¥mT-fosr£ 

zwrnt-tzm^mi 1 

[«W0>SM«*tii0!] 
[000 1] 

[000 2] 

[0 0 0 3] rcoffi«-£Offi^-g-t>-er^J;0feiR^Sr«i: 

T\ feUX^^r® CS^&^S P I E Vol.1354 Internat 
40 ional Lens Design Conference (1 9 9 0) ^CO^Cfi^-^ 
- 2 1 3 4 2 1 #4*fR, #ffi¥6- 3 2 4 2 6 
2#^, ^LtUSPf 5 0 44 7 0 6^CJ;i3il 

[0 0 0 4] C^fi. *^^cO®tffffi£lHjlfi : a£T' 

[w)i5£v>9!t&aS.^Sr?iJfflLfctco-Cfc5o 
[0005] se>l-, ^ro«t5*lHl*fJt** : f-»i, 

50 #<c3Sd**sfo5. 
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[boo6] ft&<D®tiHfem\cid\,^xvc.®t-rz> 
5 cote** u [HiSfffi-ewi^ojti^^iHiJf^tiSi:, £• 
[0007] wv-x^i: LTlsl^rJt^^^ffl 

a* o <r> t- © miff* L * ^ t> © <t & „ 
[0 0 0 8] ^ntz^hmW^^, $\-fZ>tz.ib\cms&r 

tz. R^&»«*©iaW&#&fcofcftl*##3E-t-3» 
[000 9] tSoT|HlW*^*T-Sr*«Jffl bfc*^t>i*5 

[0 0 10] Hi 2fc^i-.fc5ft8a£2t;:io<D/IJ;<9 

Ltli, ^'7^ i ^5'^iH"i|S|-t?S>SPMMA (nd=1.4917 
„ vd=57.4) & z F-JW-d&l.07 »mtmi£\- 

it. :oa-e, &*>U HHftttliltfrSb* 

[0 0 11] ro|H]tFf^*-T-l«, l*©I3*f*«t 
iS*S) -Cbott@*fab** s iSi<*5J:5{-Sa:W-Six-C 
[0 0 12] S&fcl. KSHk*ifi«©ia*f*» U&± 

jftft-C?*'b*<*9 (KT rRfHftftj if 5) ^iiW 
A=530nm |:i£LtV^ 0 - ©IStf&^T-cDIeJffn^ 

[0 0 1 3] r<0|HlWSai*WffiT*lti^T-#5«fift!6S*Sr 
M?9 - 1 2 7 3 2 l-§-4s$8t^^£*lT<^5„ -*U* 

rt-t?, jess 
* te a r- m ^ b tff * * * -r a * & t * o t ^ a o 

[0 0 14] ft#WKH*«±iw*Sroft**rfl. 01) 

[0 0 15] 



[0 0 16] ^K*a^fc-frlcJ;oTfa, S^ig-ffc^l* 

io vt$i(D ieroiHitff^)*<t tj^-ft-rstwtfca. 

[0 0 17] #38^1*, SS±t21l'li-?:MJ:0# 

[0018] 

20 {4, 

(i) 1 1 2«s©$Hft<©»fc5*raa»fc*aJi 

30 [0019] (2) »t©^^f^f)*Sf lit 
*2Ji«T«ttJ:fcj«JiU »l»J:»2Ji0>«WC|&l 

©lalSftt^B, f2li^©Mfl2 0@^B 

iHlKf^J^^i^ <t5i5t LfclEltfrftlMf ^-KiH^-C, 

dnl/dt, dn2/dt, % 1 gtigS: tt btllzfH 1 OIhISt 
«HfO»fftdl, ^l<^lHj^f*&^Bi:^2(Dlp]*T^ 

B Z d 2 £ u aftSBflslc J; a®tff*»k*(c^ l , ft 
40 2 <B|gWtt^©*^ff & 0 t S: , 

« t = ( dnl/dt ) d 1 - (dn2/dt) d 2 

0 <t Lfci# 

1 0 t • A t | <m • A. 0/4 
SrMfc-f-r Ut^5„ 

[0 0 2 0] (3) i: t 2a3Bro»«c<o»/j:5«- 

50 »LJi©»ft©ia«^ttiJ;SJB»f*^t;SrdnoL/dt <t 
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fcffi* t 

0 t = (dnol/dt ) d 1 ± (dno2/dt ) d 2 ± ± 

(dnoL/dt ) d L 

| 0 t • At | < (m • A. O) /4 

[ 0 0 2 1 ] X, ( 1 ) , Xti ( 2 ) , X(i ( 3 ) 10 

(3-D Htiiass±(cffMLfc^oiHiiff*&^wae*&^ 
'>-r s t 5 »^ a* * n j* 

[0 0 2 2] 4$tc, 

(3-1-1) HulE^mrogro^^., ^©jt^tM^tt OfcSfc* 
SSS) 1 HJWrt'C«H? : ff**«*W*li*no»'S-tt, * 20 

[0 0 2 3] (3-1-2) fiWa**<©Ji©5*>. *<03t^tt 

■2> 0 

[0 0 2 4] (3-2) mwiWkv>m<D 0 <Hl^ 

ftfir-fosri:. 30 
[0025] (3-3) mrieteffl prtajtw-efes 

[0026] 0-4) mm.m&<o±i^ffim&fotc&m:com 
mmz.m\^x\,^z>mtmm&mttKX'&>z>z: 

t. 

[0 0 2 7] (3-5) BiJlE I <t> t • A t | ©fiiri^ffl jgfi 
(Dm/ 8KK'fc5;t. ^Sr^iSi: LTl^S, 

[0 0 2 8] ^WroBWJt^^Srfflv^Jt^aUi, 
ffil& (1) , Xtt (2) Xtt (3) ©lUSfJt^SR^Sr- 
Slilciv^v^rt^StL-cv^. 40 

[0 0 2 9] ¥f^, igWft^*T-*:*6fc#5 £ * J $'«*# 
[0 0 3 0] 

JSim 1 ©jEBSElT-fcS. Himi-iavTlei^jt^'-T- 1 

[0 0 3 1 ] HI2J3II] 1 ©IStfr Jt^Sd^ 1 SrEl'fA- 
A* Wffi^SWLfcWrBT&R©— flST-feS. HI 2 iit&T- 
(ls]#H&^-) cOgil^^IfiKrTJi^i?^^^-^^ ^ixfcEli: 50 



{-svM;i#i&©sft£Wff j;<?j*5S&iji3- 1 <tfg2 

Jl3-2£«;iU mim3-l tm2m3-2t<DM 
WeJBl ©Ie]#r*&^ffi3 a Sr^fiSU i2f3-2t^ 
^<t©^-C*Sg2©[Hlifrt&^H3 b SrffMLtt^. 
Lt, JBi«£*i©lel*r**-aBfc:.fc»K *ioia*f» 
-^3-lri^ ^2Sir^m^-r5^1©[H]t(f^ffii: 
fg2©HWteT-ffi^<fc 9!&2©Ih]£t*&T-3- 2^, TfcfiJc 

[0 0 3 2] *Hlfi?Bffi-CttfB 1 ©Ultfrte^- 
l ©Ih]#t*&^- 3 - l Jiteft* ibitfefB 2 ©ElSfft^ 3-2 

[0 0 3 3] *HJ6^ffi(c*5tt5#HIt(ft&^-3 
- 1 , 3-2 ©Jglfcrtt&^ff d 1 , d 2 tf* 1 flfflrt-CH 

•t«fe*»e>*r^#wi«*-t-*as i ©ia#f#Hf- 3-ii, i 

[00 34] *SSafi»ffi©ia»r*^iR^tt^* <it2 

w*^©*^*^**©**-*©^*^ «fc 5 ja#f*« 

[0 0 3 5] Jfc^»OM5ttI^e>451li. lil 

[0 0 3 6] * U-C**©»© 5 ^ *03t^«J?»« 
(ft^ftSSS) *s, 1 jafflrtT*^**asi|iP*IMH]©» 

[0 0 3 7] X, &»©/g© 0 *)> ^©ft^tftfi^ (3t 
^3tSS^> l«»rt^#HFJP*a*lii|Mfel>©»a- 

[0 0 3 8] Jkl-l£»S«^«aW-J>c»c©|aI*f3»**Sili< 
<C5»1, J& 2 ©ESrfc^f- 3 - 1 , 3 - 2 «r»j«-*-aJi 

^^*w»^■l-J;5lH]^f3a*^-o^^•cliRw■^-s. mi 2 

i^-r .t 5 nc^^r-ttffl ^ftSigiliS©©^^*^- 
it-, KW-ftfia o-eia»fSi!i*!fl***i:*s*f*w, * 
*^initff^3(i*j-LT^ii:A#tLfc#-a-«, lauf*^ 

< 

d0= (n0-l) d=mi0 (1) 

i*5„ rrfn OlijSEfil 0f©ff«©aJf¥, d(± 

[0039] 2 mffim<D®9r t/t^m^-X'i-i, mnnb+o 

(£]&COiS9 2 0CDIM]lff*&T-^, MoT 1 OC73[E]#T3te^ 
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(n01-l) dl- (n02-l) d2=m^0 (2) 

£fc5 0 r^T^I^feWd 1 , d 2tt*6*MH[0«i HSr^, n 0 2 2I(Ottf(DSS A 0 -COJB*f*"C 

fcof^So *fcn 0 1 ttSSlJB^ttWoftS^. fc5 0 d CO <fc # [Hl^f^b^ 7j « 

7?=sinc 2 [{ (n01-l) dl - (n 0 2-1 ) d2)/mU-l) 

= sinc 2 (0 0 /m A 0) (3) 

dt^OfififflSit^^ 00= (n0 1-l) d - 2 £7fMi-£^ 2® 3 - 2f£Cargille Laboratories 

1— (n 0 2 — 1 ) d 2 — m A 0 ~efo£ 0 X, sine Inc. K<D Immersion Liquid I . LI 

(x) =sinUx)/ 7Z x ftSMSSrCSSixSo 160 (nd=1.4820 , v d=42. 3) /^fjfOTLfco 

[0 0 4 0lltoT«M*«4«t? (2) 5*as*fc£ 10 [0 0 4 2]ffiotili^S(7)gtff$nlft e ift 
tttLtf. [HjtFr?a*nfi (3) ^LfcV^TfiMBSIIM 0^ (SftO. 5 4 6 |/m) , g& (MO. 4 3 6/i 

0i#<9, 77=sinc 2 [0] = 1 <fc <9^:TCOffiffl&*T? m) , C* (iSIO. 6 5 6 fx m) Kte^T, *ix-?:ix 
**r<t*5o 1. 4 9 9 1 1, 1. 5 0 8 1 0, 1. 4 9 4 3 2tfo 

[0041] mz7tmMffimv>®9ryt¥m* 1 ^te^w £<> 

5£(Col^TllR<0«ffi*X(C»^«^oV^"ClftWi- [0 0 4 3] — *»2S(0«-K^BSf*n 2 

5. ttffl«S«ttPia«-e, -OiaSf^^KW-ft**: l- 4 8 4 8 0, l. 49692, 1. 4 7 8 8 U4: 

+ 1* <m=l) t-t& 0 «tt2XV»lOEI»f»^3 5 0 t£oT (2) 5£tt±fB 3 o^Sftjeo^tf tlW 

^lSr?Kfifc"t*5^lJi3-lttiS;KfflT^y/u (nd=l. 4 &.T<OiKt>*l£3LlrZ> 0 

970 , vd=56.0) fcSttffSHsSfflU » 2 OESfft^f- 3 

(1. 49911-1) dl - (1. 48480-1) d 2 = 0. 54607 

(4) 

(1. 50810-1) dl - (1. 49692-1) d 2 = 0. 435835 

(5) 

(1. 49432-1) dl - (1. 47881-1) d2 = 0, 65627 

(6) 

X^3o«c»US«J&S2o*^^roaS:»6J£-t"5tt* %gS(^ffiTLt^6 0 b*»L, t¥3t5<D 1 « J: t) ^50 

[0 0 4 4] mtL&eMt gB&t V (4) , (5) %8St-(ST UT^SO ^Jt«-T5 i: , Frt&tfe£4£"T?+ 

^ftW dl, d 2£r*#>££: d 1 =35.4/im, d2 #HV*lIIJfa»*S:lil# LTl^S r i: ^t^£ 0 
= 35.4Mmt45 0 :^l¥^«: (6) SOfciai^f^Ai" 30 [0 0 4 6] 4 fcH 1 5 [Cl£ff-ftS^ (Oft, 2 ft) 

St, 0.549 «h#5o rixtt, #^#85ftSS#0. 549 n <Dmmm*^<> H*ftiKKBT?* $ ixfcfti»^l3«tc 

mt*fc5riS:t*U C«tW)SE*0. 65627 /iml^L #J^^l£frft$:i£^ (0ft, 2 ft) ^ESt^"?*) 

T3teKftS#fi<*9. ^ z F[Utff«J^^a^:i--r6^# 3 0 Ci<oia^6»fhft«iE«<oiHlW*t>^«^2%SLT 

sine 2 (0.549/ 1 *0.656 -1 ) = 9 8%gS(lfiTt [0 0 4 7] ZfclCfijK^ffcM J: 9 fS 1 , W$2m<D&ttW 

fb*t3 0 ^dn/dttU ffl£*ffc;*S: A t 

[0 0 4 5] Hl4|I±E»^)fdl f &2X*<D*SW$L 60 i <t <9 ^WK^BSt*^ n0 1 

ir:fc{t5ll]Wa***i~o !3^ftiSO^*Sixfc||jB|365 40 t=n01+ (dnOl/dt) *At, n0 2t=n 

JiEBB^^iMfci-^^IS^lHlJIf*^*^! 024- (dn02/dt) *AtC»t5o 

T?fc5o w<Z>BT?g*ft, e»OjfiS"ett, S#T5»^* [0 0 4 8] ffio T»«*flS«C9|II0f»S|S t? tli (3) 

7? t =sinc 2 C{ (n01t-l) dl - (n 0 2 t — 1 ) d2}/mA0-l] 

= sinc 2 C( (n01-l) dl - (n 0 2 -1 ) d2}/mA0-l + { ( 
dnOl/dt) * d 1 - (dn02/dt) *d2) } At/mAO] 
= sinc 2 (0 0/ m A 0 + 0 t A t / m A 0) ...... (7) 

"eS£*L2> 0 ) d 1 - (n 0 2 -1 ) d 2 } -m A 0 #J#]££> 

[0 0 4 9] (7) SWftii0O= { (n0 1-l 50 Jg^ft^Tr** 9 . ffl£^fct£fife# 
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[0 0 5 0] eSoTCor £ <fc 9 , m9r%}&<nM&9£it 
(c±5«liSr»#Ji-5fc*5>{ctt, (7) = 
{ (dnOl/dt) * d 1 - (dn02/dt) * d 
2} 03S^/h* < &S :iMS"C*)5. 
[0 0 5 1 ] JJclC«T|E«-K-CaK»t*s 5 d e g±Cfc 

Rcoaft*{blcJ;5JaSf*^k*ttd n 0 1/d t=1.2 
X 1 0" 4 , d n 0 2/d t=-3. 85X 1 0" 4 T*fc5o 

[0052] r r. -c»s*f bir. J: 5 n *f **<t*<o as* 
ftfftttftw^iBW-^sfcfeftiw-esst^ti-s. g io 

jR. e^UCo^TJi (4) , (5) 3£&]$L3L'tZ>£i\z 
[0 0 5 3] — * «ttt 

0 t = (L 2 X 1 0 " 4 * 35. 4- (-3. 85 X 1 0 ~ 4 ) * 35. 
4) =0.0179 

77 t = sine 2 (0. 0179 * 5 / 1 * 0. 435835) =0. 869 
7j t =sinc 2 (0.0179* 5/ 1 *0.54607 ) =0.915 

*3&S^bixTV^fc<Z>^ g^-C(^13%mS^{£TbT 20 

[0054] 114, 0 15 <7>ftiift©t;ififfi3EteS<£>ni 

tt, ^JiHSftt^fci 9TK^Wim3h&&ftZ>k^?£.& 
4 5B1-Cfc5. 30 

[0055] m^mmmn<DUj£mt^£z>mffimm 

(2) ao«*BB«tW*5*:tt«iJE'rS<t5tc»t^ 

-rs 0 

[0 0 5 6] «Tift^*fB#(-"r5fc«)(C|g2^i-2 
(7) SCt?* Six 5. «J»M41!B* S A»**&W, 0 0 = 

ota«Lt±<, issfa^acKiSrW^s^si-tt 40 

(7) t A t dS+»/h$*fiS:i:5r tMSt 

&S C *<Dtiit>lU*4> t&'hZft^&k&Zk&i&mk 
&oT< 5 0 

[0 0 5 7]*»> d> t^^^t^ttf^l 

2 «J; 9 rifcSia^f***^**^* - t £ 
W&k ITl^o 

[0058] *-rHF*T?#s* tcoffiico^xtft^-f 

S D 1 05 <k L-TlElST^^CO^ib^^ffl^S^T' 2 
Tk Ltck #<^fF^fiE£#a6So flS^fciS:At = 3 
0deg£1-S<t, <£> t/ ml 0f32. 6 X l 0~ 3 ^T£-r 50 



= 1) £U {£ffi&S^£^«}fc*£0. 4 —0.7 ^m^-T 
0 t CDfitt LTISMffigOO. 4 m mm. 04X10 
" 3 , S^ftOO.7 m mtl. 82 x 1 0 " 3 «T i 4 SttR i 
t&^-JSt^m^fc-er^^s £ & So 

[0059] m^^^u^m^io^c^^xm 

^7^^ilA.fc*^{Cfi, dnOl/dt, dn02/ 
d t gfrtfsi 0" 6 O^-— ^— <^/h$*^fb*T*fc$<Z> 
T\ mT5Ebfc3 5 m mg^CDte^^^LT^, *t 

[0 0 6 0] Lj6>U 2mm<Dttftk blZft^M^Xk 

-t%{c&mT.±.m%tez-kxteft\<\ ffiotsii^si, 

[0 0 6 1 ] ^^s^ft^tf^fOd n/d t 12— 
jRWt-1-2 x l 0' 4 S^(OfiSSrto 0 rft^Jt^Tft^ 
^f^^(Dd n/d t fi+#/h£v^"C. #7X<DttR<D 

Zh^fr^&m\^kZ> 0 r(D#^tCfl0t= (- d n 0 2 
/dt) * d 2^^o0facofiSJEJlT{-ftixtf J:< * ^ 

d£r8. 5 m mJEJLT i: i"ix«, HlW3b*C0fiS^t:(- J: 5 
<£Tte 2 %JKT»-»«J"C# So 
[0 0 6 2] ^g\Z.2mki>\^7^y?%m*fA 

mm<Dm<nmmmm*% / xr±%< ktht£\,^(Dx, 

[0 0 6 3] «itf2aS©tt«©dn/ d t j6*I^$3F# 

-era*o4&-&x*B.o»^ffd ltd 2tf>as£3sa?u,M& 

^#5. ft^Sd 1 £ d 20>iS£c9Ma s 8.5 M 

oiS^tl: <t S<£Tfi 2 %JKT«-i" a - t j$ s T*# 5 0 
[0 0 6 4] H3. 04tt**W^«5I3W*** J F-«r 

m^tz.m&<n^viifom<Dffl!$\mx&>z>« m 3 

T-fcS+ l ^Ih3^*^Ih]5t^}^^, 0 4 fiKW-2fc«iSfi! 

<7?2fe»-Cfc* Oftt 2 lk<D\B}VT$hm&7jk-t?7 7X&> 

So 

[0 0 6 5] *Hli^<6©®«f3t^*-T-l-»4, f Hi 
LT^^^^y^^t^WilSl-PMMA (nd=l. 4917 x v d= 
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57.4) *2»lCtt:/7*^y*#¥#**PS (nd= 
1.5918 , vd=3L 1) ft? ft^ \ El 2 <fc 9 

[0 0 6 6] Z.<Dk£&m<0# z FI§-l*$tSl%t> t 18.9v 
nu »2«*5i4.7|im<Z?|3P*-CfcSo rC0«J5)c-C«^ 1 

«*{t^<t5JB«f**ft*tt«5ff«?U<, dn/ dt = 
1.2X1 0" 4 SJK</>ffi£*5o 
[0067] 0 3, 14 Oft^O), ©ttffifxEOBI 1 4 , 

hi 5 tia«fc*i»©^«nMtt«^[asfsai*, 10 

ffi(^*5ft5fti»©a)fflS^t;*A t t3A t = 3 Odeg "C 
fc>-&co»-&. Ell 4T?cofflS^t;attfc>"f^5deg 

[0 0 6 8] JiEII*JKJIBttV^-fttt>EI9f«b*0*{t* 

5 0 t At OffidSStf? o SfEHI-o^Tili^So 
[0 0 6 9] *Hlfi^ffit?tt x tO^ttffi h L-X<D 4> 0 <D 

1 S^EISt*^*^^ 0coffi*|«^T^6o 

Rfi4 0 0 nmt 7 0 0 nm^^ftf "CfeSPM 
MAO^mtff^n^tl^inl. 50798 tL 48787 (^/<C5 0 £6 
oT 0 OtfMgte 

^A=0.4= (1.50798 -1 ) 1.07-1*0.4 =0.359 m A 30 
0 

0A=O. 7 = (1.48787 -1 ) 1.07-1*0.7 =-0. 254m A 
0 

[0 0 7 0] JilS 1 BOEWft^*^ 0 0 cDflff^#% 

(n 0 1 - 1 ) d 1 ± (n 0 2 - 1 ) d 

X*&&£tlZ>o ^ZX*<t>0 = (n01-l) d 1 ± (n 
02-1) d 2 ± ± (nOL-1) d L-mA 0 ^ 

tst, mm^±i£<D\E]m))m v t 40 

77=sinc 2 (0 0/mAO) (9) 

[0 0 7 7] ^ r^lHlSf^f^^lIl^O^lH]^ 1 *^^^^ 
9«-lHllFf+S^*jE(7)|HlWlfc»ti-S<t, (8) 5£<D± 



mi o/4«Ti--e#*ui x »«»b36s*i:fc»-^-e 

[0 0 7 1 ] SbC, 0 t A t CO*6*tffiil/8mA. 0JW 

[0 0 7 2] W±ttWUfc«t 5J-*55MT*fifflft^t:^ 
<t§ttI^B{ff«ft¥dn/ d t t»T-J¥d<Z>a^& 
ft 5 (dn/ d t) * d<Ofli<DfiSSr/hS < *5<fc9**B. 

[0 0 7 3] COJ; 5 v\ftjj, ^gfft^3 

0 d e g < fc^fc5j§^T?fc, IsI»f«b*co*ft*ra«Ft- 

[0074] m^mn<Dmm±¥m*<D'mMxm 2 

ov^iaWtS. BMBllifcJBllBl T?tt2JiJ;9/iR-5£:# 

3-1, 3-2, 3-3^&ft5iajf3t**^"CfcJ: 
V\ *rT*2»K±^#Ji*fflV^fc|lIW3t^^O*^ 

[0075] RKSriiBm^i-afcfeia 6 ic^h-j; 5 

;ft/r^5«f3ci:-r5o «-0»S3 a, 3b, 3 c # 

««^iastt, ^T-iocotHijff^-7-^ isXftm-r&m 

[0 0 7 6] ILI I OtfKOififi ^ 0 TOJBJf** n 
0Ltt5o r<oj;5t-S«-r*i: (2) ^Mfc-tZ 

2 ± ± (n0L-l) d L — m A 0 

(8) 

t5»?-»tt (*2I) *sfti*S 0 

[0 0 7 8] JfctCfflffi^{t"C(OLS*(D4t«OHSf*3S 
Sl^^d n 0 L/d t U ^S'ttt^rA t <t"Tai: 
^mcOU&mt^X^mm^itn, n0Lt=n0L 
+ (dnOL/dt) *At{:»tSo tSot^M 



7? t =sinc 2 [{ (n01t-l) dl± (n 0 2 t - 1) d 2 ± 

} /mA 0] 

± (n 0 2 - 1 ) d 2 ± - • • • 
/mA 0+ { (dnOl/dt) *dl 



± (nOLt-1) d L-m A 0 ] 
= sinc 2 [ { (n 0 1 - 1 ) d 1 
± (n0L-l) d L-mA 0] 
± (d n 0 2/d t) * d 2± 



(8) 



^^^11-044810 



± (d n 0 L/d t) *} A 
= sinc 2 { (0 O/mA 0) 

ht£Z>o t = { (dnOl/dt) * d 1 ± 
(dn02/dt) *d2± ± (dnOL/dt) 

*dLl T*fc£o 

[0 0 7 9] _b«;T*±co«F*co3lSitt, mi&ote^ffo 
JJATM+S J: 9 Ctff^ d n / d t tftT-f^iia^fc 

[0081] tnt#*m&<omvtb uT^jx.«m 8 iz 
t*#5o (iu la 8 (^tEKft^i^it mm<ofa 

7-<Dm^di' , d2' fimi^co^y y*— ap*o*&^- 

Sdl, d 2(C^fLT. 

d 1 ' =dl* (N- 1 ) / N 

d 2 ' = d 2 * (N— 1) / N 

[0 0 8 2] 36«?gffi<oiftW-ett^PK±(cigw» 

[0 0 8 3] *fc, *H16?gffi-^ttmi^iaJr*^Sr* 
[0 0 8 4] *fc*SIJB»1IB"ett, EWft** 5 1 

ftsst^aoiajf ft*-c9fa(oKW-»* 1 * 5 ± 5 mis 

[0 0 8 5] ft^^WOiaiFf***^^!!*^ 3 

ov^-cift^-rso HuiE^ms^ffi 1 , 2^^^-c, ^2 

^0<t#oTl^ 0 ^<0«^*:4;SS2 0|a*f*^-«» : ?- 

jft-Ctt, I^5>5i<«l«LC?U-<v\ 

[0 0 8 6] H 9(^^-1-^9^11]^^^ 

*K# 2 <0[n)#r*&^- 3-2 Sr«*-r 5S t m K> 

f&&¥-mM4%--j£<Dm-fr (la^doff ) t^DLttt 



t /m A 0] 

-h 0 t At/ (m A, 0) } (10) 

[0 0 8 7] Sc^*«M<DiaSf3t**^-Srfflv^fcje:^3fi 
<nnffi&t&4*m\ 0(c*i% ia 1 Oft** ^mcomm 

SHPi SrStf-C^So 7ligftffitfc5 7^^-e*) 
10 [0 0 8 8] *IStt^ffi^|I]ftite^**-J: L-C, 

t e -mSico^T, mn£to (4) , (5) , (6) ^ 
[0 0 8 9] HI 1 0 "Ctelfc «9 6 iai#C0TO^/^ ^ffitClEl 

[0 0 9 0] *Hlfifl5ffi-Ctt, ^JS*^ 

^#j*^<E>»f£U'>'X x *Jg«S^^p<— 

[ 0 0 9 1 ] m 1 1 (i*^P^CO(HlW^*T-^fflV>^* 

^onififlg«g5os«a5«tiiftig-c&s„ Hint, m& 

text^U^X, 9fi&£j£fi£i£5fc»o&KteXy x 
a x lOfiffilgi^^X, l mWffiffi (IS®) t?fc5 0 

H^ittiasT^sii^fcSo m9r 1 ***** u 

30 yX8©8«B 7 "C<75feiR^4PS:*liEi-S g fftT^>&£ 
[0 0 9 2] *||16^ffi-ett, *f»U^X8ftiJlc|HSf3t 
<DT?J*fc< . XA^BB-^SllB^vXl Ort^teB'C 
Kft 5 i: ^ ^X 8 <a*-C<7)feifc^ffi«?&Sasfe S 

[0 0 9 3] *fc*H*»«Bt?tt, XIR»^>»-&S:*b 

* ^ 7 ^ trr ^ 7 4 So 7 r ^ y ^ - 

[0 0 9 4] 

2SXfi j en^±O^Sra« LTHJf*^*^*^ 



(9) 



tffffl 1-044810 



[0095] ^t^^m^mm^m^^mm^^^^ 

[0096] Tktt&wnmmyt^m^-zmmft^^ 

< . ii^-wstfr^^ t m^^m^Txm 
m<n&mmbti, ^mxmmm^mm^m^^x io 



[12] *&w<o&\vift^m*<DnMmm i <Dm^mm 
m 

[12 3] ^B^toig^^^-oJliS^ i (DWtn&.Wt 

[0 4] ^^cOEtlf^^OllJS^l^H-^m 

<Dffl%<Dmm*tom<nmmm 20 
in 

[0 6] *^W<75|e]Jf^^(7)|gife^2COm^lll 

[0 7] ^^W|5]^^iST-<Dfth,ro^«^lll 



[0 9] *^I^WlHlSf)t*^^-o|liS^ 3 (OSfHSVr ES 
HI 

[mi 0] *&w<r>mttft^m7-<n&m\^fmMm4 

[011] **W»IIItf#¥*^©*ffl^fc*lS?fc«5 

coiw&0 

[HI1 2] ftJleroElSfJt^JlS-T-ORWBfBBBI 

[in 3] ajtEwiasfjfc^^wESfaiii^ttWH 
[lli 4] a*roiaiFf*^*iF-«>»ttzk*«>lHi*fSb*<o 
tftf£0 

[mis] «*<oiasf3t**^-wia:en!fe«ifi€?«)iii«fSib 

45<Of8.BJ0 
IW-^rolftW] 

1 BSf*^^ 

2 S§g 

3 #Jlffi 

3a, 3 b lH]#r&^B 

3-i, 3-2, 3-3 m mm^) 

5 a^u^x 

6 m<o 
7 

8 fcM&u-vX 

9 ^steT" y XA 
1 0 gilguvx 

1 1 st{ig 



[01] 



[07] 





[i5] 



(10) 
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